Introduction
At the Munich Accelerator Laboratory a booster for the existing MP-tandem -the Tritron -is under construction for acceleration of heavy i+ns to specific energies up to 21 MeV/u. The Tritryn is a separated orbit cyclotron similar to the SOC1L but with the magnets and cavities both superconducting. The Tritron fits well into the existing laboratory. It is projected to be a prototype to demonstrate the feasibility of this type of cyclotron, which may be suited to overcome the limits of the conventional cyclotron concept. First, there are no axial focusing problems. Secondly, there is no crossing of resonances in the betatron frequency diagram, and thirdly, there are no injection and extraction problems. Thus continuous ion beams of high intensity and high quality with energies up to about 1 GeV/u seem within reach by connecting several separated orbit cyclotrons with increasing radii in series.
The Tritron Concept
The Tritron is a superconducting separated orbit cyclotron with injection radius r1=70 cm and extraction radius r2= 149 cm, so the energy gain factor is -4.5 (maximum energy for protons: -43 MeV, for ions with Q/A= 0.5:.-21 MeV/u). The bending system consists of 12 flat sector magnets of 200 azimuthal width each (see Fig. 1 ).
Each sector is made up of 20 neighbouring window-frame magnets bent along the spiral orbit (B<1.5 T). It is produced by milling 20 almost concentric slots with a distance of 4 cm in two sheets of iron and putting them together face by face, after having wound the superconducting high current density coils inside. In order to achieve the turn separation of Ar = 4 cm the maximum voltage of the accelerating system has to be U(r,)z 1.4 MV respectively U(r2)= 3 MV per revolution. This will be provided by six superconducting cavities in every second intermediate sector. The wedge shaped cavities with inward directed accelerating gaps -radially extended for simultaneous acceleration of all 20 beams -are of the reentrant type, driven in the TM010-mode.
The magnets and cavities (total weighti4 tn) hang on a torus shaped 270 1 helium reservoir inside a large vacuum vessel (0 3.6 m). When the lower half of the vessel is removed immediate access is given to all parts of the machine. Thus complicated cryostats as well as vacuum chambers for the beam are avoided. Some data of the Tritron are summarized in Tab. 1. In the Tritron the magnetic field has to fulfil the condition of isochronism as in a conventional cyclotron. But in contrast to cyclotrons the radial gradients of the field in the individual channels are independent from each other and may be chosen according to the requirements of focusing. Thus one gets transversal and longitudinal focusing as in synchrotrons. Note two consequences: First, because there is no need of an azimuthal field variation for axial focusing the ratio of the maximum value of B (e) to the mean field can be made quite small. This effect becomes evident especially at high energies. Secondly, due to the longitudinal focu+In the Tritron the ions are made to follow a spiral orbit through narrow channel magnets -like the thread, which once was passed by Daidalos through the turns of a TRITON-snail by means of an ant.
sing the RF-frequency can be made a rather high harmonic of the revolution frequency of the ions. Thus the frequency range of the cavities for acceleration of Superconducting coil, St: beam, S: rad. shield various beams to different energies will be sufficiently small, so that it can be achieved by simply pressing the cavities in azimuthal direction, thus changing the gap distance and the capacity respectively without sliding contacts.
The Magnets As the tandem supplies the Tritron with beams of excellent quality, an aperture of the channel magnets of -12 mm suffices. The bending field will be less than B.1.5 T. Then the permeability of the 1.8 % Si steel at 4.5 K is u> 3000 3, and the ampere-turn of the coils is less than 1200 A per mm gap height. A width of the coil of -3 mm yields an overall current density of 400 A/mm2, which is easily attainable with superconducting coils because of the low field. Then a total width of the channel magnets of 4 cm results (see Fig. 3 during a test winding (the cable still without insulation). For B= 1.5 T the cable current is 1320 A, which is about 30 % of the critical current at 4.3 K. The field gradient in the channels will be constant, the axial focusing is achieved by edge focusing (tilt 9°). The field is homogenous within-10-4, if the height of the window is constant and the current distribution is really uniform. If there are gaps of 0.1 mm between the uppermost and lowest conductor of the coil and the steel frame, the field increases from the center towards the radial edge of the window by-10-3. This sextupole term can be used to compensate for the corresponding term of the stray fields at the entrance and exit of the channels. Field calculations (POISSON) show that 3% change of field in one channel causes AB/B<10-4 in the adjacent ones at 1.5 T. The individual currents of all 236 magnets differ from the mean by less than 2 %. For all magnets only one power supply is needed, if all coils are connected in series, each with its own cold dump resistor and a superconducting switch in parallel (see Fig. 4 ). Each switch is put between the ends of one of the strands of the cable with superconducting joints, thus forming a loop with excellent coupling to the coil. If the current I in one coil has to be changed by AI, the current supply is set to I, then the switch is made normal conducting, and the current supply is set to the new value I+ Al. The procedure is terminated by switching back to the superconducting state. In all other magnets with the switches superconducting the fields are kept constant because of induced currents in the superconducting loops. The switch is a superconducting wire with a Cu9O NilO matrix (0 0.4 mm, length -2.5 cm, Imaxz 90 A) the ends of which are cooled (4.3 K). It can be heated above the critical temperature between two small heating windings (see Fig. 5 ). The switching timesin both directions were measured to be <0.2 sec, the heat input in the normal conducting state is <1 mW per switch4 . The superconducting joints are produced by etching bare the filaments of both wires, which shall be joined, then both bundles are twisted, sticked in a copper casing and pressed (see. Fig. 6 ). For currents below Imax the resistance of these joints was measured to be< 10-15n.
The Acceleration Cavities The large turn separation of the Tritron leads to a considerable reduction of the costs for the magnetic bending system, on the other hand it causes enhanced effort at the accelerating system. The wedge shaped cavities have a length of 120 cm, a maximum height of Normal conducting cavities of this type would have a shunt impedance of s4 Mn, leading to -375 kW dissipated heat in the vicinity of the cold magnets. Therefore the cavities are planned to be superconducting. Wi.th a residual surface resistance of s3* 10-7n, whig5h was achieved already with a 500 MHz-test cavity , the dissipated heat for all cavities will amount tois36 W (total heat input of the Tritron at 4.5 K:-40 W). Note that the surface resistance strongly depends on the magnetic background field. Thus the short range of the stray fields of the magnets is essential for the use of superconducting cavities. The cavities consist of an upper and lower half. They are made of 6 mm thick OFHC-copper (see Fig. 7 ), which will be electropolated with a lead alloy as superconductor. For frequences <200 MHz the surface resistance is dominated by the residual losses, which depend on the surface preparation but not on the temperature. Beam Dynamics Because of the small aperture of the channel magnets the ion beam has to be well centered throughout the whole machine. The constant turn separation of Ar= 4 cm requires a well defined energy gain per turn depending on the radius. It can be achieved by choosing the proper central (synchroneous) phase with respect to the RF. This leads to a certain phase curve Os(r), which is obtained by small shifts of the phase from turn to turn, realised by a corresponding shift of the revolution frequency. This is produced by small (<10-) deviations from the isochroneous fields for the central particle.
In order to get longitudinal focusing, Os has to stay between 900 and 1800. Computer calculations for a sinoidal dependence of the accelerating voltage U0(r) with U0(r2)= Umax have shown a typical phase shift from -1400 at r,to -110°at r,. Due to the longitudinal focusing non central particles oscillate with a synchrotron frequency of about 0.1 to 0.5 per turn (thus in total -5 to 8 oscillations) in the longitudinal and radial phase space. For the expected longitudinal phase space of the injected beams the corresponding radial width is less than _±3 mm. The radial and axial betatron frequencies are in the range of 0.8 per turn. The betatron motions are superposed to the synchrotron oscillations, which leads to a total beam width of less than ±4 mm. More details about beam dynamics and tolerance problems are given in 6 In Fig. 8 the beam transfer from the tandem and to the experiments is shown. The project is partly funded. It is supported by the Federal Government (BMFT).
